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[Patent Attorney] 

(57) [Abstract] 

[Objective] Self discharging characteristic and cycle property c 
f lithium secondary battery positive electrode active material 
which it can improve isobtained. 

[Constitution] To possess layer crystal structure, at same time 
next formula 

LixNiaCobMc 02 

Lithium containing composite oxide which is displayed with (A 

for 0.8x1.2 ,0.01 a 0.99 , 0.01 b 0.99, 0.01 

c 0.3 , 0.8 a + b + c 1 .2 and theM is chosen from Al , 

V, Mn , Fe andthe Cu and Zn element of at least 1 kind 

which) is designated as positive electrode active materialfor 

lithium secondary battery. 



[»SM**a>ttll] [Claim(s)] 



Co b M 0 O 2 

(O. 8^x^1. 2 . O. Ol^a^O. 99 , 
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. 8^a + b+c^1. 2 . MfiA \ % V. Mn. F 
e. CuMZ n^bgl2tl£'J>&< tt HKDtc*) 

[11*92] BtttSattStf. a-NaFe0 2 SS 



[Claim 1] It possesses layer crystal structure, next formula Li 
xNiaCobMc 02 

Positive electrode active material for lithium secondary battery 

which consists of lithium containing composite oxide which is 

displayedwith (As for 0.8 x 1.2 , 0.01 a 0.99 , 0.01 

b0.99, 0.01 c 0.3 , 0.8 a + b + c 1.2 and theM is 

chosen from Al ,V, Mn , Fe andthe Cu and Zn element of at 

least 1 kind which) and densely makes feature. 

[Claim 2] Layer crystal structure, positive electrode active mat 
erial for lithium secondary battery which is stated in Claim 1 
whichis a -NaFe02 type crystal structure. 

[Claim 3] Lithium secondary battery which uses positive elect 
ode active material which uses lithium or lithium compound 
asthe negative electrode active material, it states in Claim 1 or 2 
as positive electrode active material. 



[anaeiittHH] 

[0001] 



[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention regards useful lii 
hium containing composite oxide as positive electrode active 
material of lithium secondary battery. 



[0 002] 



[0002] 
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[Prior Art] Lithium secondary battery is observed, as chargeable 
and dischargeable portable power supply which can achieve 
high output andthe high energy density in various electronic 
equipment, research is advanced actively. 

[0003] As for lithium secondary battery, being something which 
uses lithium or lithium compound asthe negative electrode 
active material, as negative electrode material, generally, 
conductive polymer or layered compound which inthe 
reversible doped and undoped it is possible lithium ( lithium 
ion is included. ) (Such as carbon material and metal oxide), 
the metallic lithium or lithium alloy is used. 

[0004] On one hand, composite oxide of transition metal and li 
thium which doped andthe undoped it is possible Li xMe 02 
(Me= Co and Ni ) ( Japan Examined Patent Publication Sho 6: 
59507 disclosure ) or other lithium which possesses 
theLiMn204 and layered structure which possess spinel analog 
crystal structure as positive electrode active material which 
formsthe positive electrode, is used. 



[0 005] c<0*5ftU*^A-*B5ftlcte^"C» § 



[0 006] MtlUs jE*S»Hr=HLTli, ±&om 

fltat**^6L i x Me0 2 (Me = Co, Ni) It 
»J?^A£HftBl 4. OVvs. Li/Li+JSl 
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6 3- 1 2 1 2 5 8^ai-ttA x B y C z D w 0 2 ( 
AI*T;i/*U*K"C0. 05^x<1. 10 % BliS 
84lT?0. 85^y^1. 00 % CI*A I . I nX 
liSn-CO. 001<z<0. 10 , DI*A«*KD7 
U&fll ; ; Ma &tc3I ; XI* A I 

, I n % Sn, C, NRtfO£BS< Illb-Vlb %k&%2 
~6mW<D7tmV0. 0 0 1^w^0. 1 0) tffil* 
Jh/Cjsy. *fc. ^IB¥3-20 1 3 6 8^«:tt. 
L i x Co 1 . y M y 0 2 (0. 85£x£l. 3 . 
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[0005] In this kind of lithium secondary battery, as for cycle pr 
operty of self discharging characteristic and structural stability 
or other storage property andthe battery, because it depends on 
electrode active substance and electrolyte solution, 
forimproving these characteristic, improvement of electrode 
active substance and electrolyte solution hasbecome essential. 
Then, various proposition has done from until recently 
concerning these. 

[0006] In regard to for example positive electrode active mater 
ial, Li xMe 02 (Me= Co and Ni ) which possesses above- 
mentioned layered structure, when lithiumthe removal is done, 
shows voltage above 4.0Vvs. Li / Li + , it has become theuseful 
oxide from fact that intercalation-deintercalation quantity of 
lithium is large, asthe positive electrode active material for 
nonaqueous electrolyte lithium secondary battery, but because 
electrode potential is high, becausedisassembly and side reactioi 
of electrolyte solution are easy to be pulled up, ithas possessed 
problem on self discharging and safety. Then, so far attempt 
which is substituted with Al , the In , Sn , W, Mn , Ta, Ti and 
theNb or other dissimilar metal has done portion of Co element 
in LixCo02. more concretely, AxByCzDw 02 (As for A with 
alkali metal as for 0.05 x 1 .1 0 and B withthe transition 
metal as for 0.85 y 1 .00 and C with Al , In orthe Sn as 
for 0.001 z 0.1 0 and D alkali metal other than theA; 
transition metal other than B; Group Ha element ; with 
element ofthe 2nd to 6 cycle of mb to Group VIb which 
excludes or Al , the In , Sn , C, N and O 0.001 w 0.1 0) is 
proposed by Japan Unexamined Patent Publication Showa 63 - 
121258 disclosure , inaddition, Li x Co 1 - yMy 02 (0.85 x 
1.3 , 0.05 y 0.35 and M are chosen from W, the Mn , 
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Ta, Ti and Nb at least one kind ) is proposed to Japan 
Unexamined Patent Publication Hei 3 - 201368 disclosure 



[0007] 'J*^A£:3/\VUh£^-t&*S£ 



° 1 -y ^ 2 

595(1993) ) 



(J. Power. Sources, 43-44, 



N i O 2 (J. El ectrochem. Soc. , 1 



L i 

40.1862(1993) ) *3ft<aS**L"CL^ B £fc* -V^r^U 
£^yJSy\zW.&LtzL \ x Mn y N i 1-y O z CO 
< y <0. 5) (Solid State Ionics, 57, 311 (1992) ) 

[0008] 



[0009] ca),t:5 4ffi*atBa)BH** 

$ Ir] ± * tir 4 C £ CD r*£ 4 jESSttR 4 - 1 * 



[0007] In addition, concerning from replacing cobalt in compos 
ite oxide whichcontains lithium and cobalt, to inexpensive 
nickel we are researched, the for example Li x Ni y Co 1 - y 02 
(0 y l)(J.Power.Sources,4 3- 44,595(1993)) and LixNi02 
(Journal of the Electrochemical Society (0013-4651, JESOAN) 
140,1 862(1 993)) etc are proposed. In addition, also Li x Mn y 
Ni 1 - y 02 (0 y 0.5)(Solid State Ionics ,57, 3 1 1 (1 992)) 
etc which substitutes nickel in themanganese is proposed. 



[0008] 

[Problems to be Solved by the Invention] But, with convention 
al dissimilar metal solid solution that with not be able to 
improve positive electrode active material, uncharacteristic of 
positive electrode active material it improves in fully densely, 
substitutes theportion of nickel in composite oxide which 
contains lithium and thenickel with dissimilar metal, fine 
powdering of decrease and active substance of discharge 
capacityhas become problem. Therefore, as for those it is 
utilized, it has not reached. 

[0009] As for this invention, being something which it tries to s 
olve problem ofthis kind of Prior Art, cycle property of self 
discharging characteristic and structural stability or other 
storage property and batteryof lithium secondary battery 
positive electrode active material which can improve is offered 
densely makes theobjective. 



[0 0 10] 

[RH**3t-r*fc»0>¥«] *36lB*tt. L i X N i 



[0010] 

[Means to Solve the Problems] This inventor can achieve abov 
e-mentioned object with nickel in thecomposite oxide of Li x 
Ni y Co l - y 02 and substituting at least portion of cobaltwith 
specific element densely to discover, this invention it reached 
to completion. 



[0011] BP*. ItttSatiffeSttL. * 

3 



[0011] Namely, this invention has layer crystal structure, nex 
t formula 



L i x N i fl Co b M c 0 2 

(0. 8£x£1. 2 , 0. 01<a^O. 99 . 
O. 01<b<0. 99. O. Ol^c^O. 3 , O 
. 8<a + b+ c<1. 2 , MliAL V, Mn, F 



LixNiaCobMc02 

Positive electrode active material for lithium secondary battery 

which consists of lithium containing composite oxide which is 

displayedwith (As for 0.8 x 1 .2 , 0.01 a 0.99 , 0.01 

b0.99, 0.01 c 0.3 ,0.8a + b + cl.2 andtheMis 

chosen from Al , V, Mn , Fe andthe Cu and Zn element of ai 

least 1 kind which) and densely makes feature is offered. 



[0 0 12] Ztzs C<DJ:9«iESJS*H*jE«IZ«ffl 



[0012] In addition, this kind of positive electrode active materi 
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al is used for positive electrode, lithium secondary battery 
whichuses lithium or lithium compound as negative electrode 
active material is offered. 

[0013] Below, this invention is explained in detail 

[0014] Positive electrode active material of this invention, nick 
el in composite oxide of Li x Ni y Co 1 - y 02 andportion of 
cobalt being something which is substituted with theelement of 
at least 1 kind which is chosen from Al , V, the Mn , Fe and 
Cu and Zn, is something which is displayed withthe Li x Ni a C 

b Mc 02. Here, x takes numerical value of range of 0.8 to 1 .2, 
it is a preferably 1. Because as for a, because ratio of extent 
and inexpensive nickel whichare enlarged vis-a-vis b and c car 
be made many, production cost it isdesirable from point which 
decreases, but when ratio of nickelbecomes too many, self 
discharging characteristic and cycle property decrease, a 
isdesignated as 0.01 to 0.99 range, b 0.01 to 0.99 and c 0.01 to 
0.3and a + b + c are designated as 0.8 to 1 .2. When this c is toe 
small, not be able to acquire effect of thethis invention, when it 
is too large, crystal structure of layer to deteriorate ,because 
battery capacity decreases, it is not desirable. 



[0 0 15] £fc, C0DiJ^->A**«*»1t*lW:«tt 

<M&am3££*mtok1r** #*L<fS. l i x c 
o O 2 £9HEU0ff-N a F e O 2 3?^ f& t» 
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[0017] *§tm<o i )*W£***9to*t** ft* 
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[0015] In addition, this lithium containing composite oxide pos 
sess crystal structure of layer. Possess preferably, LixCo02 
and similar -NaFe02 type crystal structure. Because of this, it 
can make positive electrode active material which in reversible 
doped and undoped it is possible lithium 

[0016] Concerning manufacturing method of this kind of lithiu 
m containing composite oxide there is not especiallyrestriction. 
In order for mole ratio of for example each metal to become 
specified value, itcan mix metal salt of starting material, it can 
acquire by calcining mixture. 

[0017] In same way as conventional Li-containing composite 
oxide you can use lithium containing composite oxide of this 
invention, asthe positive electrode active material. It mixes 
with conductor and adhesive of for example public knowledge, 
it becomes usefulones by forming as positive electrode of 
lithium secondary battery. In this case, as positive electrode 
active material of lithium battery of nonaqueous electrolyte 
lithium secondary battery and totally solid lithium secondary 
battery or other notype you can use lithium containing 
composite oxide of this invention. 

[001 8] As for lithium secondary battery of this invention, being 
something which uses lithium containing composite oxide 
ofthe above-mentioned this invention as positive electrode 
active material, it can make constitutionother than that similar 
to conventional lithium secondary battery. 

[001 9] Namely, lithium or lithium compound is used as negatr 
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[0 0 2 3] 

[ftJB] MROXflSMM:, L i X N i a Co b M 
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e electrode active material. Therefore, as for negative 
electrode using material , metallic lithium or lithium 
alloywhich doped and undoped it is possible, lithium 
itconstitutes. doped and undoped for example pyrolyzed 
carbon and cokes (Such as pitch coke , needle coke and 
petroleum coke), graphite, the glassy carbon and organic 
polymer pyrolysate (Those which calcine phenolic resin and 
furan resin etc with suitable temperature and thecarbonization 
they do. ) , carbon fiber, activated carbon or other 
carbonaceous material or polyacetylene andthe polypyrrole 
or other polymer etc can be used as material which it is possibl< 
insidelithium of constituent material of this kind of negative 
electrode. In addition, lithium-aluminum alloy and lithium - 
indium alloy etc can be used as the lithium alloy. In addition, 
when negative electrode is formed from this kind of material, 
theadhesive etc of public knowledge can be added. 

[0020] In addition, when nonaqueous electrolyte solution is use< 
for lithium secondary battery, those which aresimilar to 
nonaqueous electrolyte solution which is used for conventional 
nonaqueous lithium secondary battery as nonaqueous electrolyte 
solution, can beused. As nonaqueous solvent of namely, 
nonaqueous electrolyte solution, for example propylene 
carbonate , ethylene carbonate , butylene carbonate , vinylene 
carbonate , the - butyrolactone , sulfolane , 1,2- 
dimethoxyethane , 1,2-di ethoxy ethane , 2 - methyl 
tetrahydrofuran and 3 -methyl -1,3 -dioxolane , methyl 
propionate , methyl butyrate , dimethyl carbonate , diethyl 
carbonate and dipropyl carbonate etccan be used. Especially, 
stability uses propylene carbonate , ethylene carbonate , 
butylene carbonate , vinylene carbonate or other cyclic 
carbonate,the or dimethyl carbonate , diethyl carbonate and 
dipropyl carbonate or other linear carbonate for voltage from 
thepoint densely is desirable. In addition, you can use this kind 
of nonaqueous solvent, combining one, two or more kinds. 

[0021] In addition, be able to use for example LiC104 , LiAsF< 
LiPF6 , the LiBF4 , LiCF3S03 and LiN(CF3S02)2 etc as 
electrolyte which is melted in the nonaqueous solvent, uses 
especially LiPF6 and LiBF4 among these densely isdesirable. 

[0022] As for battery of this invention, concerning battery sha 
pe there are nottimes when especially it is limited. It can make 
cylinder , rectangular type , coin type and button type or 
other various shape. 

[0023] 

[Work or Operations of the Invention] As for positive electrod 
e active material of this invention, Li x Ni a Co b Mc 02 
It is displayed with (As for 0.8 x 1.2 , 0.01 a 0.99 , 0. 
01 b 0.99, 0.8 c 0.3 , 0.08 a + b + c 1.2 and 
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theM is chosen from Al , V, Mn , Fe andthe Cu and Zn 
element of at least 1 kind which). Because this lithium 
containing composite oxide, nickel in composite oxide of Li x 
Ni y Co 1 - y 02 and at leastportion of cobalt, it consists of 
those which are substituted withthe specific element, Al , V, 
Mn , Fe , Cu or Zn, comparing to LixCo02, it can acquire in 
inexpensive. In addition, self discharging is controled 
remarkably with dissimilar metal solid solution by 
thestabilization of crystal structure, becomes something where 
cycle propertyimproves. 



[0 0 2 4] 
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[0024] 

[Working Example(s)] Below, this invention is explained conci 
etely with Working Example . 

[0025] Working Example 1 

In order to synthesize positive electrode active material, lithium 
nitrate and nickel carbonate and thecobalt(II,III) oxide and 
aluminum hydroxide of commercial special grade reagent, in 
order for mole ratio of Li : Ni : Co : Alto become 1 0:8: 1 : 1 , 
measured weight it did, after mixing to fully inserting in 
alumina crucible, with oxygen atmosphere approximately 1 5 
hours it calcinedwith 750 °C, air cooling did to room 
temperature, when sinter which is acquired was inspected witl 
thex-ray diffraction analysis, we have possessed layer crystal 
structure, it is a anticipated positive electrode active material, 
you could verifydensely. 

[0026] Positive electrode active material which it acquires in thi 
s way was used, lithium secondary battery wasproduced followi 
way. 

[0027] Powder fragment it did positive electrode active material 
which it synthesizes, with weight ratio, themeasured weight did 
milled product and graphite and poly vinylidene fluoride at 
ratio of 90:7:3,mixed. press molding doing this mixed powder, 
in round of diameter 15 mm, you obtainedthe pellet, you 
produced positive electrode this 1 2 hours by drying with 
thel20 °C under vacuum. 

[0028] On one hand, those which drive out lithium foil of thick 
ness 1.85 mm in roundof diameter 15 mm as negative electrode 
were produced. Those which melt LiPF6 in propylene 
carbonate (PC) at ratio of 1 mole/liter weremanufactured in 
nonaqueous electrolyte solution . In addition, polypropylene 
micropore thin film was prepared as separator. 

[0029] And, these positive electrode , making use of negative e 
lectrode , electrolyte solution and separator, asshown in Figun 
1, lithium metal make negative electrode 2 pressure bonding wa 
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done in the negative electrode can 1 , on one hand, positive 
electrode 4 pressure bonding was done in positive electrode car 
6, theseparator 3 was allotted between both electrodes, coin 
type battery ( diameter 20 mm and thickness 2.5 mm ) was 
produced bythrough gasket 5, sealing both battery can. 

[0030] Working Example 2 

In order in order to synthesize positive electrode active material, 
lithium hydroxide and nickel oxide andthe cobalt(II,III) oxide 
and three dioxide vanadium of commercial special grade 
reagent, for mole ratio of Li : Ni : Co :V tobecome 10:8:1.9: 0. 
1 as synthetic material, measured weight other than doing, 
positive electrode active materialwas synthesized in same way a 
Working Example 1, furthermore lithium secondary batterywas 
produced. 

[0031] Working Example 3 

In order in order to synthesize positive electrode active material, 
lithium hydroxide and nickel oxide andthe cobalt(II,III) oxide 
and manganese oxide of commercial special grade reagent, for 
mole ratio of Li : Ni : Co : Mn tobecome 10:7:2:1 as synthetic 
material, measured weight other than doing, positive electrode 
active materialwas synthesized in same way as Working 
Example 1 , furthermore lithium secondary batterywas produced 



[0032] mmm* 
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[0032] Working Example 4 

In order in order to synthesize positive electrode active material, 
lithium hydroxide and nickel carbonate andthe cobalt(II,III) 
oxide and iron(III) oxide of commercial special grade reagent, 
for mole ratio of Li : Ni : Co : Fe tobecome 1 0:7: 1 :2 as 
synthetic material, measured weight other than doing, positive 
electrode active materialwas synthesized in same way as 
Working Example 1 , furthermore lithium secondary batterywas 
produced. 

[0033] Working Example 5 

In order in order to synthesize positive electrode active material, 
lithium hydroxide and nickel carbonate andthe cobalt(II,III) 
oxide and copper oxide of commercial special grade reagent, 
for mole ratio of Li : Ni : Co : Cu tobecome 10:7:2.5:0.5 as 
synthetic material, measured weight other than doing, positive 
electrode active materialwas synthesized in same way as 
Working Example 1, furthermore lithium secondary batterywas 
produced. 

[0034] Working Example 6 

In order in order to synthesize positive electrode active material 
lithium nitrate and nickel oxide andthe cobalt(II,III) oxide and 
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zinc oxide of commercial special grade reagent, for mole ratio 
of Li : Ni : Co : Zn tobecome 10:8:1.5:0.5 as synthetic 
material, measured weight other than doing, positive electrode 
active materialwas synthesized in same way as Working 
Example 1 , furthermore lithium secondary batterywas produced 
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[0035] Comparative Example 1 

In order in order to synthesize positive electrode active material 
lithium hydroxide and nickel oxide andthe cobalt(II,III) oxide 
of commercial special grade reagent, for mole ratio of Li : Ni : 
Co to become 10: 9 : las synthetic material, measured weight 
other than doing, positive electrode active material was 
synthesized inthe same way as Working Example 1, 
furthermore lithium secondary battery was produced. 

[0036] Appraisal 

In order to appraise cycle property of battery which is acquired 
with the Working Example 1 to 6 and Comparative Example 1, 
charge-discharge cycle test, was done with condition, charging 
current 1 mA , the charging voltage 4.2V, discharge current 1 
mA and voltage after stopping discharge 2.5V, capacity 
retention (%) every of specified charge-discharge cycle was 
sought. Result is shown in Figure 2. 

[0037] In addition, when in order to appraise self discharging ch 
aracteristic of each battery, withthe 4.2V charged state retaining 
with 1 week room temperature, it sought decrease of discharge 
capacityas autodischarge ratio. Result is shown in Table 1 . 

[0038] 
[Table 1] 
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B 2 6 . £«fl©S»litt«*l 1 ©WW=* LT 1*1* From Figure 2, as for battery of Working Example in each case 

titi+M *? M#ttjtfA± LT 1*6 C t tffr^-S,, cycle propertyhas improved vis-a-vis battery of Comparative 

Example 1 , understands densely. 

[0039] £fc, S61tfl<D«attt^*it*«efi!)T [0039] In addition, battery of Working Example in each case a 
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verage operating voltage of thewhen discharging between 3.5 to 
4.0V, was similar to battery of Comparative Example. 
Therefore, like Working Example, when nickel or cobalt of 
lithium , nickel andthe cobalt-containing composite oxide is 
substituted with specific element, operating voltage which 
issimilar to case where it does not substitute it is acquired 
youunderstand densely. 

[0040] Furthermore, from Table 1, battery of Working Exam 
pie has improved theself discharging characteristic, understands 
densely. 

[0041] 

[Effects of the Invention] When positive electrode active mate 
rial of this invention is used as positive electrode active material 
of lithium secondary battery, theself discharging characteristic 
and structural stability or other storage property and cycle 
property of battery it improves densely itbecomes possible. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] It is a cross section explanatory diagram of battery w 
hich is produced with Working Example and Comparative 
Example. 

[Figure 2] It is a cyclic characteristic graph of battery of Worki 
ng Example and Comparative Example. 

[Explanation of Reference Signs in Drawings] 

1 negative electrode can 

2 lithium metal make negative electrode 

3 separator 

4 positive electrode 

5 gasket 

6 positive electrode can 
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[Figure 1] 
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